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b 
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- Side Looking Airborne Radar 
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PHOTOGRAMMETRIC TECHNIQUES APPLICABLE TO EARTH RESOURCES ANALYSES 
SUMMARY 
Appl i ca t ions  of photogrammetry t o  s t u d i e s  of e a r t h  r e s o u r c e s  and 
e a r t h  problems , i nc lud ing  t h e  e a r t h  environment, a r e  l i s t e d .  Photogram- 
m e t r i c  measuring techniques a r e  used t o  o b t a i n  e l e v a t i o n  d i f f e r e n c e s  
between va r ious  p o i n t s  v i s i b l e  on s tereograms c , .~structed from Apollo 6 
and Apollo 8 e a r t h  o r b i t a l  and l u n a r  o r b i t a l  photographs.  Topographic 
in fo rma t ion  i n f e r r e d  from stereograms prepared from o r b i t a l  photographs 
of southwest  New Mexico i s  presented , a long  w i t h  photographic  i n t e r p r e -  
t a t i o n s .  Skylab Experiment S-190, "Six Camera M u l t i s p e c t r a l  Photography," 
i s  d i s c u s s e d ,  and a g r a p h i c a l  a n a l y s i s  showing t h e  pe rcen tage  of ground 
obse rvab le  by the Skylab cameras through v a r i o u s  percentages of cumulus 
cloud coverages i s  r e p o r t e d .  Several  r e c e n t  photogrammetric p r o j e c t s  
completed by u n i v e r s i t i e s ,  p r i v a t e  i n d u s t r y ,  and government agenc ie s  a r e  
d i s c u s s e d  b r i e f l y .  P e r t i n e n t  s tereograms,  a r a d a r  image, and a n  image' 
prepared by i n f r a r e d  l ine-scanning techniques a r e  shown, a long w i t h  
r e 1 evan t photographic i n t e r  p r  e t a  t ions  . 
I. INTRODUCTION 
A s  more and more emphasis i s  being p l a c e d  on e f f i c i e n t  u t i l i z a t i o n  
of t h e  e a r t h ' s  l i m i t e d  r e sources ,  and as we become more aware of t h e  
d e t e r i o r a t i n g  c o n d i t i o n s  of the e a r t h ' s  water  and a i r ,  i t  becomes 
a p p a r e n t  t h a t  p o s i t i v e  s t e p s  m u s t  be  taken t o  (1) t a p  new a r e a s  of 
r e s o u r c e  p o t e n t i a l ,  and t o  make u s e  of them i n  a c o n s e r v a t i v e  way t o  
t h e  b e s t  advantage of e a r t h ' s  f u t u r e  i n h a b i t a n t s ,  and ( 2 )  i n i t i a t e  such 
c o r r e c t i v e  measures as may be  necessary t o  ma in ta in  t h e  a i r  i n  a 
b r e a t h a b l e  c o n d i t i o n ,  and t o  keep t h e  a v a i l a b l e  s u p p l i e s  of wa te r  s u i t -  
a b l e  f o r  human consumption and t h e  sus t enance  of o t h e r  forms of p l a n t  
and animal l i f e  on e a r t h .  
A l l  human be ings  on e a r t h  w i l l  have t o  do t h e i r  p a r t  t o  keep t h e  
e a r t h  s u i t a b l e  f o r  s u s t a i n i n g  l i v e s  of f u t u r e  g e n e r a t i o n s .  S c i e n t i s t s  
and eng inee r s  g i l l ,  of n e c e s s i t y ,  p l ay  a l a r g e  r o l e  i n  he lp ing  t o  so lve  
t h e  problems we f a c e  as i n h a b i t a n t s  of e a r t h .  A s  i n  most p r o f e s s i o n s ,  
c e r t a i n  t o o l s  a r e  employed t o  s o l v e  t h e  problems encountered by t h e  
p r o f e s s i o n a l s .  One ve ry  i n t e r e s t i n g  and p r a c t i c a l  t o o l  a v a i l a b l e  t o  
t h e  engineer  i s  t h e  branch of s c i e n c e  ca l l ed  "Photogrammetry." Photo- 
grammetry is def ined as t h e  s c i e n c e  o r  a r t  of o b t a i n i n g  r e l i a b l e  meas- 
urements by means of photography. 
It i s  t h e  purpose of t h i s  paper (1) t o  show how t h e  s c i e n c e  of 
photogrammetry can be  employed i n  t h e  s t u d y  of e a r t h  r e s o u r c e s ,  ( 2 )  
t o  d e s c r i b e  how i t  can be  h e l p f u l  i n  understanding and d e f i n i n g  some 
o f  t h e  problems of water  and a i r  p o l l u t i o n ,  and ( 3 )  t o  mention a l a r g e  
number of t y p i c a l  a p p l i c a t i o n s  of photogrammetry s o  t h a t  t h e s e  l i s t i n g s  
may s u g g e s t  o r  imply t o  p o t e n t i a l  users a p p l i c a t i o n s  t o  many o t h e r  
problems. 
To t r y  t o  advance t h e s e  g o a l s ,  t h e  a u t h o r  has surveyed a l a r g e  
number of p r o f e s s i o n a l  papers i n  t h e  photogrammetry f i e l d ,  p e r t i n e n t  
t ex tbooks ,  and s a l e s  l i t e r a t u r e  of c o r p o r a t i o n s  engaged i n  t h e  bus iness  
o f  photogrammetric s e r v i c e s ,  and has l i s t e d  photogrammetric a p p l i c a -  
t i o n s  p e r t i n e n t  t o  e a r t h -  r e s o u r c e s  and e a r t h  problems, i n c l u d i n g  
environment and atmosphere. I n  a d d i t i o n ,  u s e  has  been made of o r b i t a l  
photography from the  Apollo 6 ,  Apollo 8 ,  and G e m i n i  V mi s s ions  t o  
demonstrate  a c t u a l  b a s i c  photogrammetric measuring techniques and 
p h o t o - i n t e r p r e t a t i o n  methods of p o t e n t i a l  use t o  persons needing 
q u a n t i t a t i v e  information from photographs,  b u t  whose p a r e n t  o rgan iza -  
t i o n s  a r e  no t  equipped w i t h  some of t h e  more e x o t i c  and p r e c i s e  photo- 
grammetric equipment which is  commercially a v a i l a b l e  today. 
A f t e r  a t t e n d i n g  t h e  1970 ACSM-ASP Convention (American Congress on 
Surveying and Mapping - American S o c i e t y  of Photogrammetry), t h e  a u t h o r  
s e l e c t e d  several f a i r l y  r e c e n t  a p p l i c a t i o n s  of photogrammetric eng inee r -  
i ng  which were displayed and/or  d i scussed  a t  t h e  convent ion.  Four of 
t h e s e  a p p l i c a t i o n s ,  which r e f l e c t  some of t h e  c u r r e n t  photogrammetric 
a c t i v i t i e s  being conducted by government a g e n c i e s ,  u n i v e r s i t i e s ,  and 
p r i v a t e  i n d u s t r y ,  a r e  d i scussed .  
Skylab Experiment S-190, "Six Camera M u l t i s p e c t r a l  Photography," 
is d e s c r i b e d ,  and a g r a p h i c a l  a n a l y s i s  showing t h e  pe rcen tage  o f  ground 
obse rvab le  by t h e  Skylab cameras through v a r i o u s  percentages of cumulus 
cloud coverages is included.  
The a u t h o r  wishes t o  express  h i s  s i n c e r e  a p p r e c i a t i o n  t o  h i s  many 
c o l l e a g u e s  i n  government a g e n c i e s ,  p r i v a t e  i n d u s t r y ,  and u n i v e r s i t i e s ,  
who were s o  v e r y  h e l p f u l  i n  f u r n i s h i n g  s u g g e s t i o n s ,  comments, photo- 
g r a p h i c  samples,  t e c h n i c a l  r e p o r t s ,  and b rochures ,  a l l  c o n t r i b u t i n g  i n  
v a r i o u s  ways t o  the  completion of t h i s  r e p o r t .  
S p e c i a l  thanks a r e  extended t o  Major John S. Thorsen of t h e  U. S. 
Army Engineer Topographic L a b o r a t o r i e s ;  Miss Theresa M. Sousa of t h e  
United S t a t e s  Geological  Survey, Department of t h e  I n t e r i o r ;  M r .  Douglas 
Es t en  and M r .  George Loelkes of Raytheon-Autometric; D r .  S. A. Veress 
of the U n i v e r s i t y  of Washington; M r .  Cur t  R o t t w e i l e r  of Bendix-Aerospace; 
M r .  Robert  H i l l  of NASA-Manned S p a c e c r a f t  C e n t e r ;  D r .  Dean C. Merchant 
o f  Ohio S t a t e  Un ive r s i ty ;  and Mrs. Evelyn Carter,  Mrs. Sarah Hightower, 
M r s .  I r e n e  Dolin,  M r .  S. C la rk  Brown and M r .  Richard T i n i u s  of NASA- 
Marsha l l  Space F l i g h t  Center.  
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11. PHOTOGRAMMETRIC APPLICATIONS 
It would b e  extremely d i f f i c u l t  f o r  a person engaged i n  any p a r t i c u -  
l a r  f i e l d  of s c i e n c e  o r  engineer ing t o  be  even r easonab ly  f a m i l i a r  w i t h  
a l l  t h e  types of programs, p r o j e c t s  and a c t i v i t i e s  t h a t  a r e  c u r r e n t l y  
going on i n  t h a t  f i e l d ,  which have been at tempted o r  completed i n  t h e  
p a s t  o r  which a r e  be ing  considered f o r  f u t u r e  emphasis. Accordingly the  
fo l lowing  l i s t s  of a c t i v i t i e s  t o  which photogrammetric techniques a re  
a p p l i c a b l e  a r e  by no means intended t o  be a l l - i n c l u s i v e .  They a re ,  how- 
e v e r ,  the r e s u l t s  of a d i l i g e n t  s e a r c h  i n  sou rces  such as t e c h n i c a l  
p a p e r s ,  t ex tbooks ,  l i t e r a t u r e  from p r i v a t e  f i rms  engaged i n  t h e  s a l e  of 
photogrammetric services,  and Photogrammetric Engineer ing,  t h e  J o u r n a l  of 
t h e  American S o c i e t y  of Photogrammetry. The a p p l i c a t i o n  l i s t s  a r e  
d i v i d e d  i n t o  two c a t e g o r i e s :  (1) Ac t iv i t i e s  a s s o c i a t e d  w i t h  Ea r th  
Resources t o  Which Photogrammetric Techniques are  App l i cab le ,  and ( 2 )  
Act iv i t ies  Associated w i t h  Ea r th  Problems t o  Which Photogrammetric 
Techniques a r e  Applicable .  
A. A c t i v i t i e s  Associated w i t h  Ea r th  Resources 
t o  Which Photogrammetric Techniques are  App l i cab le  
1. Rural  and urban land u s e  c a p a b i l i t y  s t u d i e s  . 
2 .  S o i l  c l a s s i f i c a t i o n  and m o i s t u r e  c o n t e n t  a n a l y s e s .  
3.  Geolog ica l  r e s o u r c e  surveys t o  l o c a t e  mine ra l  d e p o s i t s ,  
o i l  p rov inces ,  and f o s s i l  f u e l .  
4 .  Determinat ion of snow d e p t h s ,  u s ing  s u i t a b l e  ground c o n t r o l  
dev ices  s u c h  as snow depth markers.  
5. Land c l a s s i f i c a t i o n  s t u d i e s .  
6 .  Vege ta t ion  t y p e  and c o n d i t i o n  su rveys .  
7. S t o c k p i l e  i n v e n t o r i e s .  
8. Land a r e a  development and e x p l o i t a t i o n .  
9. Mapping of g e o l o g i c a l  phenomena t o  i d e n t i f y  f a u l t s ,  f o l d s ,  
and i n t r u s i v e  masses. 
10. A g r i c u l t u r a l  s t u d i e s .  
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11. Real e s t a t e  development. 
1 2 .  S t r i p  mining o p e r a t i o n s .  
13. Rangeland c o n d i t i o n  d e t e r m i n a t i o n s .  
14. P r e p a r a t i o n  of space photomaps (1: 250,000 s c a l e ) ,  which com- 
b ine  medium s c a l e  l i n e  maps w i t h  space imagery. 
15. Power p l a n t  s i t e  s e l e c t i o n  planning and development. 
16. S o i l  c o n s e r v a t i o n  and c l a s s i f i c a t i o n  s t u d i e s .  
1 7 .  Rec rea t iona l  a r e a  planning.  
18. Lumber ( f o r e s t r y )  p roduc t ion  s t u d i e s .  
19. D e f i n i t i o n  of economical l o c a t i o n  of highway c o n s t r u c t i o n .  
20. Tectonic  map p r e p a r a t i o n .  
21. P r e p a r a t i o n  of photo-mosaics of v a r i o u s  p a r t s  of c o u n t r i e s .  
22. I n d u s t r i a l  expansion planning.  
23. Zoological  a p p l i c a t i o n s  such  as i d e n t i f i c a t i o n  and inventory-  
ing  of animal s p e c i e s .  
24. Landform a n a l y s e s .  
25. P r e p a r a t i o n  of p r e c i s e  p l a n i m e t r i c  m a p s  (nea r -o r thograph ic ) ,  
r e s u l t i n g  from o r b i t a l  photographs of proper  des ign .  
26. D i f f e r e n t i a t i o n  between h e a l t h y  deciduous and eve rg reen  t rees ,  
using i n f r a r e d  s e n s i t i v e  c o l o r  f i l m .  
27. T e r r a i n  mapping i n  l o c a t i o n s  obscured by cloud cove r ,  using 
s ide- looking a i r b o r n e  r a d a r .  
28. Geophys ica l  s tud i e s  . 
29. Cloud cover a n a l y s e s .  
30. I n d u s t r i a l  s i t e  s e l e c t i o n ,  p l ann ing ,  and development. 
31. Class i f  i c a t i o n  o f  ground cover  types .  
I 
32. S t u d i e s  of t r o p i c a l  and s u b - t r o p i c a l  landforms and v e g e t a t i o n .  
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33. S o i l  mo i s tu re  c h a r a c t e r i s t i c  de t e rmina t ions .  
34. Es tua ry  and c o a s t a l  s t u d i e s .  
35. Aquacul tural  a p p l i c a t i o n s  such as f i s h  schoo l  l o c a t i o n  d e t e r -  
mina t ions  . 
36. S t u d i e s  of water  masses and c u r r e n t  f low. 
3 7 .  Groundwater c o n d i t i o n  de te rmina t ions .  
38. Shoal i d e n t i f i c a t i o n .  
39. B i o l o g i c a l  a c t i v i t y  su rveys ,  s u c h  as i d e n t i f i c a t i o n  of Plankton 
c o n c e n t r a t i o n s  of f i s h  schools .  
40. Land d ra inage  s t u d i e s  such as d r a i n a g e  p a t t e r n  and watershed 
c h a r a c t e r i s t i c  ana lyses .  
41. Waterway, r iver ,  c a n a l ,  and ha rbor  development. 
42. Surveys f o r  l o c a t i n g  and mapping ground water  r e sources .  
43. Mapping of g l o b a l  s e a  s t a t e  and s u r f a c e  temperature  t o  h e l p  
weather  f o r e c a s t e r s ,  and t h e  sh ipp ing  and f i s h i n g  i n d u s t r i e s .  
44. Water r e s o u r c e s  development. 
45. Coas ta l  hydrography and bathymetry su rveys .  
B. Act iv i t ies  Associated w i t h  E a r t h  Problems 
t o  Which Photogrammetric Techniques a r e  App l i cab le  
1. Determining l o c a t i o n s  of a i r  and wa te r  p o l l u t i o n  s o u r c e s .  
2 .  Smog de te rmina t ion .  
3 .  A i r  p o l l u t i o n  a n a l y s e s .  
4 .  Monitoring of gaseous wastes.  
5 .  Geological  de t e rmina t ion  of l i k e l i h o o d  of l a n d s l i d e s  o c c u r r i n g  
i n  populated areas. 
6 .  F o r e s t  d i s e a s e  and f o r e s t  f i r e  su rveys .  
5 
7. Cons t ruc t ion  s i t e  ana lyses  t o  de t e rmine  l a n d s l i d e  p o t e n t i a l ,  
f a u l t ,  and f r a c t u r e  zones. 
8. I n d u s t r i a l  waste d i s p o s a l .  
9. T r a n s p o r t a t i o n  flow and automobile  t r a f f i c  e v a l u a t i o n  s t u d i e s .  
10. Ea r ly  d e t e c t i o n  of d i s e a s e  and/or  p e s t  i n f e s t a t i o n  i n  c rops  
o r  ground ove r ,  using i n f r a r e d  s e n s i t i v e  c o l o r  f i l m .  
11. Sewer system planning and des ign .  
1 2 .  P r e p a r a t i o n  of su rveys  f o r  census e s t i m a t i n g  and urban planning.  
13.  Survey s t u d i e s  of dynamic f e a t u r e s  such  as growth o r  decay of 
c i t i e s .  
14. Urban a r e a  a n a l y s e s .  
15. Levee p r e p a r a t i o n  a n a l y s e s .  
16. I r r i g a t i o n  planning s t u d i e s .  
1 7 .  Flood c o n t r o l  s t u d i e s .  
18. Flood mapping. 
19. Water p o l l u t i o n  s t u d i e s  such as the rma l ,  sewage, and i n d u s t r i a l  
d i s c h a r g e  ana lyses  . 
20. S tud ie s  o f  c o a s t a l  d e l t a s  t o  determine channel  f i l l i n g ,  e r o s i o n ,  
and f looding . 
21 .  Surveys t o  monitor  wa te r  q u a l i t y .  
22 .  Tracking and o b s e r v a t i o n  of e r o s i o n  and sed imen ta t ion  m a t e r i a l s  
i n  bodies of water. 
23. S tud ie s  of waves, s w e l l s ,  and s l i c k s  on water s u r f a c e s .  
24. F r e s h  water and marine ecology. 
25. Monitoring of water  p o l l u t a n t s  such as sewage and waste 
d i s p o s a l  and i n d u s t r i a l  d i s c h a r g e s .  
a 
26. B io log ica l  a c t i v i t y  a n a l y s e s ,  such  as i d e n t i f i c a t i o n  of 
e f f l u e n t s .  
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27. O i l  s l i c k  and o i l  s p i l l  d e t e c t i o n ,  t r a c k i n g ,  s i z e  determina-  
t i o n ,  and mapping. 
28.  S tud ie s  of sediment  concen t r a t ion  i n  wa te r .  
29.  Medical a p p l i c a t i o n s  such as human bone deformation and f r a c t u r e  
s t u d i e s  , using X-ray s te reoscopy.  
a 
30. Dental  a p p l i c a t i o n s  such a s  t o o t h ,  jawbone, and b i t e  a n a l y s e s ,  
us ing  X-ray s te reoscopy.  
111. PHOTOGRAMMETRIC MEASUREMENTS AND 
PHOTOGRAPHIC INTERPRETATIONS RELATED TO EARTH RESOURCES 
This  s e c t i o n  of t h e  r e p o r t  demonstrates  t h e  v a l u e  of v e r t i c a l  a e r i a l  
o r  o r b i t a l  photographs when one desires  (1) t o  measure d i f f e r e n c e s  i n  
e l e v a t i o n  betweeA two po in t s  which a r e  imaged on b o t h  members of a 
s t e r e o g r a p h i c  p a i r  of v e r t i c a l  photographs,  and (2) t o  i n t e r p r e t  va r ious  
types  of  engineer ing  and s c i e n t i f i c  in format ion  conta ined  w i t h i n  v e r t i c a l  
photographs.  
The o p t i c a l  ins t rument  used f o r  measuring t h e  a b s o l u t e  pa ra l l ax*  of 
t h e  p o i n t s  s e l e c t e d  on t h e  enclosed s te reograms,  was t h e  Abrams CB-1 
Lens S tereoscope ,  equipped wi th  a Height F inder  Model HF-2 P a r a l l a x  Bar. 
Both p i eces  of equipment a r e  manufactured by t h e  Abrams Ins t rument  Corpora- 
t i o n  of Lansing , Michigan. 
Photographs used f o r  cons t ruc t ing  t h e  s te reograms on which measure- 
ments were made c o n s i s t e d  of a e r i a l  photographs taken  nea r  F o r t  S i l l ,  
Oklahoma, by t h e  Army Map Serv ice ,  Apollo 6 O r b i t a l  Photographs of 
southwes tern  New Mexico, and Apollo 8 l u n a r  photographs of a n  a r e a  on t h e  
l u n a r  f a r s i d e ,  wes t  of c r a t e r s  Korolev, Krylov, and Doppler. The o r i g i n a l  
photographs (9" x 9" a e r i a l  and o r b i t a l )  were reduced i n  s i z e  using a 
Po la ro id  MP-3 Mult i -Purpose View camera t o  f a c i l i t a t e  making measurements 
on t h e  s te reograms w i t h  t h e  CB-1 Lens S tereoscope  and HF-2 P a r a l l a x  Bar. 
The format  followed i n  t h i s  s e c t i o n  c o n s i s t s  g e n e r a l l y  of showing an 
en larged  photograph of t h e  a r e a  under c o n s i d e r a t i o n ,  w i t h  t h e  va r ious  
measurement p o i n t s  l a b e l l e d ,  and then  inc lud ing  a photograph of t h e  
J- 
"A d i s c u s s i o n  of p a r a l l a x ,  p repa ra t ion  of s te reograms,  and t h e  re la ted  
geometry which enables  one t o  measure d i f f e r e n c e s  i n  e l e v a t i o n  from 
photographs can b e  found in  r e fe rence  1. 
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stereogram on which the  p a r a l l a x  measurements were a c t u a l l y  made. 
t h e  Apollo 6 and Apollo 8 photography, a n  i n t e r p r e t a t i o n  of each s t e r e o -  
gram is inc luded ,  and f o r  one of t h e  Apollo 6 s t e reograms ,  a hand-sketched 
form l i n e  topographic p l o t  of t h e  a r e a  photographed is included t o  i l l u s -  
t r a t e  t h e  use fu lness  of s tereograms i n  p repa r ing  s u c h  a p l o t .  
For 
A. Photogrammetric Measurements from Aer ia l  Photographs 
of t h e  F o r t  S i l l ,  Oklahoma Area 
F igu re  1 i s  a l a r g e r  s c a l e  photograph of t h e  l e f t - h a n d  member of 
t h e  s t e reogram of t h e  F o r t  S i l l ,  Oklahoma a r e a  shown i n  f i g u r e  2.  On 
f i g u r e  1 a re  marked several p o i n t s ,  w i t h  l e t t e r  d e s i g n a t i o n s .  P o i n t  B 
i s  a p o i n t  on the n o r t h  s h o r e  of a s m a l l  r e s e r v o i r ;  p o i n t  A i s  on a 
s m a l l  mountain peak approximately 800 meters  n o r t h e a s t  of p o i n t  B;  and 
p o i n t  C is  a po in t  on top  of Mount Sherman, about  1300 meters  n o r t h e a s t  
of p o i n t  A.  Point  D,  a t  t h e  l o c a t i o n  of F o r t  S i l l ' s  West Gate on 
McKenzie H i l l  Road i s  approximately 2150 meters s o u t h - s o u t h e a s t  of 
p o i n t  B. The de te rmina t ion  of t h e  d i f f e r e n c e s  i n  e l e v a t i o n s  between 
p o i n t s  A and B ,  B and C ,  and C and D ,  us ing photogrammetric measuring 
techniques i s  descr ibed i n  t h e  fol lowing paragraphs.  Some mathematical  
d e t a i l  i s  g i v e n  i n  t h i s  f i r s t  example t o  i l l u s t r a t e  t h e  techniques u s e d .  
Subsequent measurement examples, using t h i s  and o t h e r  s t e reograms ,  w i l l  
i n c l u d e  on ly  t h e  m a i n  s t e p s  and r e s u l t s ,  s i n c e  t h e  techniques used a r e  
t h e  same as those used i n  t h e  f i r s t  example. 
For t h e  aer ia l  photographs which f i g u r e  2 comprises ,  t h e  ave rage  
f l y i n g  h e i g h t  H' above t h e  datum ( t h e  datum be ing  t h e  a v e r a g e  t e r r a i n  
e l e v a t i o n )  w a s  26,100 f e e t .  The ave rage  photographic  b a s e  b ( d i s t a n c e  
between t h e  p r i n c i p a l  p o i n t  and t h e  c o n j u g a t e  p r i n c i p a l  p o i n t )  measured 
on t h e  s tereogram is  36.25 mm. 
Table  I gives  t h e  va lues  of a b s o l u t e  para l lax  measured f o r  p o i n t s  
A and B using the l e n s  s t e r e o s c o p e  and p a r a l l a x  b a r  ( f i v e  measurements 
f o r  each p o i n t ) ,  t he  d i f f e r e n t i a l  p a r a l l a x  @, and t h e  ave rage  of &. 
Table I. P a r a l l a x  Measurements from F igure  2 













The equat ion 
is  used t o  c a l c u l a t e  t h e  d i f f e r e n c e  i n  e l e v a t i o n  between t h e  p o i n t s .  
The re fo re ,  s u b s t i t u t i n g  t h e  preceding values i n t o  t h i s  equa t ion  y i e l d s  
b 
H’& - 26,100 f t  x .73 mm 
= 526 f t .  - - *A-B - b 36.25 mm 
To check t h i s  answer, r e f e r e n c e  w a s  made t o  Army Map Se rv ice  (A.M.S.) 
Shee t  6253 I1 of Cache, Oklahoma, da ted  June  1965 [2 ] .  This  m a p  showed 
&A_, t o  be 559 f e e t .  Therefore ,  c a l c u l a t i n g  t h e  pe rcen t  e r r o r  between 
a c t u a l  e l e v a t i o n s  and t h e  photogrammetric measurement demonstrated 
h e r e i n ,  we o b t a i n  
559 - 526 x 100 = 5.91. Percent  E r ro r  = 
559 
When measuring p a r a l l a x  t o  de te rmine  t h e  d i f f e r e n c e  i n  e l e v a t i o n  
between p o i n t  B (North Shore of R e s e r v o i r ) ,  and p o i n t  C (peak of Mount 
Sherman), t h e  average of seven  measurements on each p o i n t  y i e lded  a 
&B-C of 1.097 nun. A &B,C of 790 f e e t  r e s u l t e d  from s u b s t i t u t i n g  t h i s  
v a l u e  i n  t h e  equat ion.  Re fe r r ing  t o  AMs Sheet  6253 11, w e  o b t a i n  a 
&B-C of 827 f e e t .  
photogrammetric measurement was 4.48 percen t .  
The r e s u l t i n g  e r r o r  between a c t u a l  e l e v a t i o n  and 
When measuring p a r a l l a x  t o  de te rmine  t h e  d i f f e r e n c e  i n  e l e v a t i o n  
between p o i n t  C (peak of Mount Sherman) and p o i n t  D (West Gate of F o r t  
S i l l  on McKenzie H i l l  Road), t h e  average  of seven  p a r a l l a x  measurements 
on each p o i n t  y ie lded  a &C_D of 1.258 mm. 
from s u b s t i t u t i n g  t h i s  v a l u e  i n  t h e  equat ion .  Re fe r r ing  t o  AMs Shee t  
6253 11, a &IC,, of 906 f e e t  was obta ined .  The r e s u l t i n g  pe rcen t  e r r o r  
between a c t u a l  e l e v a t i o n  and photogrammetric measurement is . 3 N .  
Table  I1 summarizes t h e  r e s u l t s  of t h e  photogrammetric measurements m a d e  
from t h e  s te reogram of  t h e  F o r t  S i l l ,  Oklahoma area shown i n  f i g u r e  2 .  
A &c-D of 909 f e e t  r e s u l t e d  
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[Two P o i n t s  nh ( f t )  Determined 
Cons ider ed Pho togramme tr  i c a l  l y  
A , B  526 
BY C 790 
CYD 909 
Table  11. R e s u l t s  o f  Photogrammetric Measurements Made on F igu re  
&I ( f t )  Determined P e r c e n t  
from AMs Map E r r o r  
559 5.91 
8 2  7 4.48 
906 0.331 
2 
The Abrams CB-1 Lens Stereoscope can a l s o  be u t i l i z e d  t o  d i r e c t l y  
measure l i n e a r  d i s t a n c e s  on ver t ical  photographs.  For example, t o  
measure t h e  l i n e a r  d i s t a n c e  between p o i n t s  D (West Gate of F o r t  S i l l  
on McKenzie H i l l  Road) and po in t  E ( t h e  c e n t e r  of a b r i d g e  crossLng 
t h e  g u l l y  j u s t  west  of p o i n t  D) shown on f i g u r e  1, t h e  procedure i s  a s  
fo l lows .  The index l i n e  and c y l i n d e r  gauge of t h e  HF-2 p a r a l l a x  b a r  a r e  
b o t h  s e t  a t  zero .  The movable index d o t  i s  placed on t h e  p o i n t  D ,  then 
t h e  c y l i n d e r  gauge is turned u n t i l  t h e  movable index d o t  r e s t s  over  
p o i n t  E. This was done between p o i n t s  D and E ,  and a r ead ing  o f  5.98 mm 
w a s  ob ta ined  from t h e  p a r a l l a x  b a r .  This v a l u e  i s  then s u b s t i t u t e d  i n t o  
t h e  equat ion:  
M . R .  x .0394 
11s D =  Y 
where M.R. i s  t h e  para l lax  b a r  rzading (5.98 mm i n  t h i s  c a s e ) ,  .0394 is 
a c o n s t a n t ,  and 1 /S  i s  t h e  photographic s c a l e  i n  f e e t .  S u b s t i t u t i n g  
M.R. = 5.98 nun and t h e  photographic s c a l e  S of 1"/11,000 f e e t  i n t o  t h e  
equa t ion ,  t h e  r e s u l t a n t  l i n e a r  d i s t a n c e  "D" between p o i n t s  D and E is 
2580 f e e t .  A measurement of t h i s  same d i s t a n c e  on t h e  m a p  y i e lded  
2610 f e e t .  The p e r c e n t  e r r o r ,  then ,  is  1.15. 
B. E a r t h  Resources ,  Observations , Photogrammetric Measurements, 
and Topographic Information from Apollo 6 
Photographs 1443, 1444, and 1445 
Three Apollo 6 photographs,  1443, 1444, and 1445, which covered a 
p o r t i o n  of t h e  area between Las Cruces,  New Mexico, and Tucson, Arizona,  
were examined c l o s e l y ,  f o r  two r easons .  F i r s t ,  it appeared worthwhile  
t o  i l l u s t r a t e  t h e  use fu lness  of t h e  e a r t h  o r b i t a l  photography f o r  
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a p p l i c a t i o n s  r e l a t e d  t o  e a r t h  r e source  a n a l y s e s ,  i n  c o n j u n c t i o n  w i t h  
t h e  for thcoming Skylab program; and secondly ,  when p repa r ing  s t e r e o -  
g raph ic  pa i r s  of v e r t i c a l  o r b i t a l  o r  a e r i a l  photographs f o r  t opograph ica l  
and photogrammetric a n a l y s e s ,  i t  has been found q u i t e  h e l p f u l  t o  have a 
good mental  p i c t u r e  o r  s y n o p t i c  view of t h e  e n t i r e  a r e a  of t e r r a i n  be ing  




Coordinates  : 
L a t i t u d e  
Longi tude 
A 1  t i t u d  e 
The a r e a s  which a r e  v i s i b l e  i n  Apollo 6 photograph frames 1443, 
1444, and 1445, shown a s  f i g u r e s  3 ,  4 ,  and 5 ,  a r e  loca t ed  i n  t h e  "Basin 
and Range Province. ' '  This  province  inc ludes  a p o r t i o n  of wes t  Texas,  
southwes tern  New Mexico, southe?n Arizona,  s o u t h e a s t e r n  C a l i f o r n i a ,  
wes t e rn  Utah, and almost  a l l  of Nevada. The "Basin and Range Province" 
c o n s i s t s  of i s o l a t e d  mountain ranges sepa ra t ed  by w i d e  d e s e r t  p l a i n s ,  
many l a k e s ,  a n c i e n t  l a k e  beds ,  and a l l u v i a l  f ans .  Accord ingly ,  t h e  
t h r e e  photographs mentioned above were i n t e r p r e t e d  from two a s p e c t s :  
(1) t o  s e e  what topographic  knowledge of t he  a r e a  could be  g leaned  by 
obse rva t ion  and in fe rence ,  and (2)  t o  a c t u a l l y  d e f i n e  some dimensions 
of t h e  topographica l  f e a t u r e s  i n  t h e  a r e a  by making c e r t a i n  t y p i c a l  
photogrammetric measurements of prominent phys i ca l  f e a t u r e s  r evea led  
i n  t h e  photographs.  
1443 
31 '58' 03.099" 
-109'39' 41.360" 
704,872.5 f t .  
The t h r e e  photographs were e s s e n t i a l l y  " v e r t i c a l  , I 1  i. e . ,  s u f f  ic-  
i e n t l y  v e r t i c a l  t o  permi t  photogrammetric measurements w i t h  a l ens  
s t e r e o s c o p e  equipped w i t h  a p a r a l l a x  ba r .  Various photogrammetric 
parameters  of t h e  t h r e e  photographs a r e  shown i n  Table  111. 
Table 111. Photogrammetric Parameters  
of Apollo 6 Photographs 1443, 1444, and 1445 
I 
Rota t ion  
Angles: 
X - T i l t  
f 
0'39' 35.599" 
Y - T i l  t -1'15' 21.739'' 




- 108 '59' 59.5 28" 
703,899.0 f t .  
0 ' 35 04.026" 
-0'51' 47.485" 




701,597.7 f t .  
-0'01' 17.405" 
-0'34' 49.499" 


































A s  a f i r s t  s t e p ,  photographs 1444 and 1445 were viewed s i n g l y ,  
( f i g u r e s  4 and 5)  and as a s t e r e o g r a p h i c  p a i r  ( f i g u r e  6 ) .  Photographs 
1443 and i444 were a l s o  viewed s i n g i y  ( f i g u r e s  3 aiid 4 )  a d  as a stereo= 
g r a p h i c  p a i r  ( f i g u r e  7 ) .  From these o b s e r v a t i o n s ,  a topographic m a p  of 
t h e  a r e a  w a s  hand-sketched, a s  shown i n  f i g u r e  8.  Mountains, r i v e r s ,  
p l a y a s ,  highways , l a k e s ,  and areas  i n  c u l t i v a t i o n  were r e a d i l y  d i s c e r n -  
i b l e  on t h e  photographs. These geographic f e a t u r e s  were then i n d i c a t e d  
on t h e  s k e t c h .  Other p o i n t s  of i n t e r e s t  which were i n t e r p r e t e d  from 
t h e  photographs were a n  a i r p o r t  southwest of Hurley,  New Mexico (photo- 
g raph  1445, shown i n  f i g u r e  5 ) ,  and a smoke c loud ,  e v i d e n t l y  emanating 
from a n  i n d u s t r i a l  p l a n t  smokestack o r  perhaps from one of the  copper 
s m e l t e r  chimneys, on White Water D r a w ,  e a s t  of P o t t e r  Mountain, i n  
Arizona (photograph 1443, shown in  f i g u r e  3 ) .  An i n t e r e s t i n g  f a c t  
r e s u l t i n g  from the  obse rva t ion  of t h i s  smoke cloud i s  t h a t  the  cloud 
p reven t s  t h e  t e r r a i n  benea th  i t  from being photographed by a conven- 
t i o n a l  camera us ing  s t anda rd  b lack  and wh i t e  f i l m .  Likewise,  t h e  
shadow of t h e  c loud ,  f o r  a l l  p r a c t i c a l  purposes ,  prevents  photographic 
viewing of ano the r  p o r t i o n  of the t e r r a i n ,  a lmost  as l a r g e  as t h e  pro- 
j e c t e d  a r e a  of t h e  cloud i t s e l f  a t  t h e  c o n d i t i o n  of sun  e l e v a t i o n  which 
e x i s t e d  when t h e s e  photographs were taken. The r e a d e r  is r e f e r r e d  t o  
s e c t i o n  V f o r  f u r t h e r  d i s c u s s i o n  and a geometr ic  a n a l y s i s  of a n  assoc-  
i a t e d  phenomenon, t h a t  of cumulus c louds  and t h e i r  e f f e c t s  on t h e  Skylab 
camera ' s  a b i l i t y  t o  photograph e a r t h ' s  t e r r a i n  a t  va r ious  percentages  
of c u m u l u s  cloud coverage, and a t  va r ious  sun e l e v a t i o n s .  "It is  known 
t h a t  l a r g e  smoke plumes from heavy i n d u s t r i e s  can be viewed from space ,  
and i f  they a r e  viewed r e p e t i t i v e l y ,  s i g n i f i c a n t  in format ion  would be 
de r ived  f o r  he lp ing  t o  understand t h e  dynamics of a i r  movement i n  t h e  
p a r t i c u l a r  a r e a  under s tudy .  It has been poin ted  ou t  t h a t  s t u d i e s  
of t h e  f a t e  and e f f e c t s  of a i r  p o l l u t a n t s  such as t h i s  a r e  u r g e n t l y  
needed" (quoted from r e f e r e n c e  3 ) .  
It i s  pointed o u t  h e r e  t h a t  even though cameras loaded w i t h  s t a n d a r d  
panchromatic f i l m  cannot p e n e t r a t e  haze  from clouds o r  smoke, m u l t i -  
s p e c t r a l  t e l e v i s i o n  cameras imaging i n  t h e  475 - 575 mi l l imic ron  s p e c t r a l  
band (blue-green)  can provide  a c c e p t a b l e  haze p e n e t r a t i o n ,  and i n  a d d i -  
t i o n ,  can  provide  maximum p e n e t r a t i o n  of ocean, bay, and l a k e  water  t o  
p e r m i t  mapping of underwater f e a t u r e s  [ 3 ] .  The f i r s t  Ea r th  Resources 
Technology S a t e l l i t e  (ERTS) w i l l  c o n t a i n  t h r e e  moderate r e s o l u t i o n  m u l t i -  
s p e c t r a l  t e l e v i s i o n  cameras such as t h e  one desc r ibed  i n  r e f e r e n c e  3 ,  and 
w i l l  image t h r e e  s p e c t r a l  bands s imul t aneous ly ,  4 7 5  - 575  mil l imic rons  
(b lue -g reen ) ,  690 - 830 mi l l imic rons  ( i n f r a r e d ) ,  and 580 - 680 m i l l i -  
microns ( r e d ) .  These t h r e e  bands a r e  used f o r  (1)  p e n e t r a t i o n  of haze ,  
ocean, bay and l a k e  wa te r ;  (2 )  maximum o b s c u r a t i o n  by water t o  permi t  
p r e c i s e  s h o r e l i n e  mapping and e s t ima tes  of r e l a t i v e  moi s tu re  d i s t r i b u -  
t i o n  and v e g e t a t i o n  v igo r  on the  ground; and (3) f o r  d i s c r i m i n a t i o n  of 
v e g e t a t i o n  communities , r e c o g n i t i o n  and i d e n t i f i c a t i o n  of a g r i c u l t u r a l  
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Names  of some of t h e  l a r g e r  highways , p layas ,  mountains,  r i v e r s ,  
and towns were added t o  t h e  map t o  make it  more complete.  Topographical 
a n a l y s e s  and photogrammetric measurernencs of c e r t a i n  p h y s i c a l  feati irea 
r evea led  on t h e  photographs a r e  shown on pages 2 1  through 24. 
I n  a c t u a l  p r a c t i c e ,  m a p s  such as f i g u r e  8 a r e  n o t  u s u a l l y  p l o t t e d  
by hand, b u t  a r e  prepared by using s t e r e o p r o j e c t i o n  p l o t t e r s ,  of which 
t h e r e  a r e  many types.  These p l o t t e r s  employ jzhe b a s i c  p r i n c i p l e  of pro- 
j e c t i n g  two over lapping  photographs on to  a p l o t t i n g  t a b l e  where they 
a r e  viewed s t e r e o s c o p i c a l l y ,  and t h e  r e s u l t i n g  contours  a r e  d e l i n e a t e d  
on t h e  drawing by a n  o p e r a t o r .  This hand s k e t c h  w a s  included t o  i l l u s -  
t r a t e  t h e  ease  w i t h  which a topographic map of an a r e a  can be prepared 
us ing  o r b i t a l  photography. Furthermore, o r b i t a l  photography r e s u l t i n g  
from Skylab, t o g e t h e r  w i t h  e x i s t i n g  topographic  maps , should p l a y  an 
impor tan t  r o l e  i n  e a r t h  resources  a n a l y s e s ,  and perhaps urban a n a l y s e s .  
"Analyses of Gemini and Nimbus photographs have demonstrated t h a t  
some f e a t u r e s ,  known t o  b e  a s s o c i a t e d  w i t h  mine ra l  d e p o s i t s ,  a r e  v i s i b l e  
from o r b i t a l  a l t i t u d e s .  A t  l e a s t  one ' low l e v e l '  geothermal anomaly has 
been imaged from a i r c r a f t ,  and it may be  t h a t  i n f r a r e d  obse rva t ions  from 
s p a c e  w i l l  ass is t  i n  our s e a r c h  f o r  sou rces  of geothermal power. Many 
petroleum d e p o s i t s  a r e  l o c a l i z e d  by s t r u c t u r a l  f e a t u r e s  such  as f o l d s  o r  
f a u l t s .  It is  l i k e l y  t h a t  many as  y e t  unknown s t r u c t u r a l  f e a t u r e s  w i l l  
be  more e a s i l y  r ecogn izab le  on photographs produced from o r b i t  than on 
photographs produced from a i r c r a f t .  O r b i t a l  photographs can  i n c l u d e  
l a r g e  a r e a s  i n  a s i n g l e  exposure w i t h  uniform shadows and i l l u m i n a t i o n .  
Many m e t a l l i c  minera l  d e p o s i t s  a r e  near  or  a long  f a u l t s ,  and t h e  use of 
a e r i a l  photographs f o r  mapping f a u l t s  and o t h e r  l i n e a r  f e a t u r e s  has been 
demonstrated.  Color photography has a l s o  been a u s e f u l  t o o l  i n  mine ra l  
e x p l o r a t i o n ,  and t h i s  has led t o  t h e  d i scove ry  of many mine ra l  depos i t s "  
(quoted from r e f e r e n c e  5 ) .  
1. Photographic I n t e r p r e t a t i o n s  from a Stereogram Prepared 
from Apollo 6 Photographs 1444 and 1445 
The s t e r e o g r a p h i c  p a i r  composed of frames 1444 and 1445, from 
which c e r t a i n  e l e v a t i o n  d i f f e r e n t i a l  measurements were made photogram- 
m e t r i c a l l y ,  is shown i n  f i g u r e  6. The r igh t -hand member of t h i s  p a i r  
w a s  shown prev ious ly  a t  a l a r g e r  photographic  s c a l e  as f i g u r e  5,  t o  
ass is t  t h e  r eade r  i n  i d e n t i f y i n g  c e r t a i n  geograph ica l  and topograph ica l  
f e a t u r e s ,  i f  a s t e r e s c o p e  is not a v a i l a b l e  t o  him. When viewing t h e  p a i r  
1444/1445 through a s t e r e o s c o p e ,  t h e  most prominent f e a t u r e s  near  t h e  
c e n t e r  of t h e  s te reogram a r e  the Pyramid Mountains, t h e  northernmost 
p o r t i o n s  of which c o n t a i n  s e v e r a l  copper,  g o l d ,  s i l v e r ,  l e a d ,  z i n c ,  and 
p e r l i t e  mines. These mountains a r e  bounded t o  t h e  n o r t h  by Lordsburg 
D r a w  and U. S. 80, a f o u r - l a n e  d u a l  highway, which curves around t h e  end 
of t h e  Pyramid Mountain Range. J u s t  t o  t h e  wes t  of t h e  n o r t h e r n  p o r t i o n  
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of t h e  Pyramid Mountains,  one can obse rve  a l a r g e  w h i t e  a r e a ,  which is  
composed of one r e l a t i v e l y  l a r g e  and two s m a l l e r  a l k a l i  f l a t s ,  o r  p l a y a s ,  
The r e l a t i v e l y  dark  a r e a s  i n  t h e  p layas  a r e  more moi s t  t han  t h e  l i g h t e r  
a r e a s .  Immediately t o  t h e  wes t  of t h e  sou the rn  p o r t i o n  of t h e  Pyramid 
Mountains l i e s  a v a l l e y  c o n t a i n i n g  f i e l d s  i n  c u l t i v a t i o n .  The Animas 
Mountains a r e  v i s i b l e  s o u t h  of t h e  Pyramid Mountains,  and a r e  bordered 
by t h e  Animas Val ley t o  t h e  wes t ,  and t h e  P layas  Va l l ey  t o  t h e  east .  
The da rk  boot-shaped area on t h e  w e s t  s i d e  of Animas Val ley  is  a 
h e a v i l y  f o r e s t e d  a r e a .  Immediately t o  t h e  wes t  of Animas Val ley  i s  
t h e  P e l o n c i l l o  Mountain Range which extends from top  t o  bottom on t h e  
wes t  s i d e  of  t h i s  s t e r e o  p a i r .  The arrowhead-shaped landform t o  t h e  
east  of c e n t e r ,  i s  bordered on t h e  w e s t  by P layas  Lake and on t h e  eas t  
by Hachi ta  Val ley.  The mountains i n  t h e  c e n t e r  of t h i s  landform are  
known as t h e  L i t t l e  Hatche t  Mountains. The l a r g e  p laya  i n  t h e  lower 
r igh t -hand corner  of t h e  s te reogram is i n s i d e  t h e  Mexican border .  To 
t h e  n o r t h  of the Pyramid Mountains ( c e n t e r  of s t e r eogram) ,  beyond 
Lordsburg D r a w  and Lordsburg Mesa, one can observe  t h e  bottom s l o p e s  of 
a l a r g e  mountainous a r e a ,  which is topped by t h e  G i l a  Na t iona l  F o r e s t .  
Numerous canyons a r e  ev iden t  a t  t h e  bottom per imeter  of t h i s  s t r u c t u r e ,  
and t h e  G i l a  River is seen  t r end ing  i n  an  e a s t - n o r t h e a s t e r l y  d i r e c t i o n  
around t h e  east s i d e  of t h e  s t r u c t u r e .  The ve ry  s h a r p  r idged  "Black 
Mountain" loca t ed  a t  t h e  c e n t e r  of t h e  base  of t h e  above desc r ibed  
s t r u c t u r e ,  and a d j a c e n t  t o  t h e  G i l a  River,  marks t h e  l o c a t i o n  of a 
manganese mine. The da rk ,  h e a v i l y  f o r e s t e d  area east  of t h e  G i l a  River  
is t h e  G i l a  Nat ional  F o r e s t  on top  of t h e  Big Burro Mountains.  Numerous 
copper ,  g o l d ,  s i l ve r ,  and manganese mines a r e  l o c a t e d  i n  t h e  Big Burro 
Mountains a r e a .  
Highway 80, i n  approximate ly  t h e  mid - sec t ion  of t h e  s te reogram,  is  
v i s i b l e  from a town named Wilna, i n  t h e  eas t ,  t o  San Simon, i n  t h e  San 
Simon River  Val ley ,  wes t  of t h e  P e l o n c i l l o  Mountains.  
2. Photogrammetric Measurements from Apollo 6 
Photographs 1444 and 1445 
On t h e  s te reogram made from Apollo 6 Photographs 1444 and 1445, 
shown a s  f i g u r e  6 ,  e l e v a t i o n  d i f f e r e n c e s  were photogrammetr ical ly  meas- 
ured between Hachita Peak and Playas  Lake ( p o i n t s  A and B on f i g u r e  5 ) ,  
and between Hachi ta  Peak and t h e  n o r t h e a s t  c o r n e r  of South A l k a l i  F l a t  
( p o i n t  C on f i g u r e  5) .  For t h e  photographs 1444 and 1445, t h e  average  
o r b i t a l  h e i g h t  HI was 702,749 f e e t ,  and t h e  average  photographic  b a s e  b 
measured on t h e  s te reogram is 3 3 . 2  mm. The average  d i f f e r e n t i a l  p a r a l l a x ,  
4, based upon seven p a r a l l a x  measurements between Hachi ta  Peak (A) and 
Playas  Lake (B) w a s  c a l c u l a t e d  t o  be  .111 mm. S u b s t i t u t i n g  t h e s e  va lues  
i n  t h e  equa t ion  desc r ibed  ea r l i e r  i n  s e c t i o n  1 1 1 - A ,  y i e lded  a of 
2350 f e e t .  Refer r ing  t o  USGS Map number NH 12-3,  e n t i t l e d  "Douglas," 
1967 Rev i s ion  [ 6 ] ,  it was determined t h a t  t h e  a c t u a l  d i f f e r e n c e  i n  
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e l e v a t i o n  between t h e s e  two points  w a s  2378 f e e t .  The pe rcen t  e r r o r  
between a c t u a l  and photogrammetric measurement w a s  then c a l c u l a t e d  
t o  b e  1 . 1 7 .  
Two P o i n t s  
Cons i d  e r  ed 
AYB 
A ,  c 
Seven p a r a l l a x  measurements on bo th  Hachita Peak (A) and t h e  
n o r t h e a s t  c o r n e r  of South A l k a l i  F l a t  (C) y i e lded  a n  average  d i f f e r e n -  
t i a l  p a r a l l a x  &A-c of . 1 1 7  mm. 
Re fe r r ing  t o  t h e  USGS map descr ibed  i n  r e f e r e n c e  6 , , a s  w e l l  as USGS Map 
N I  12-12 e n t i t l e d  " S i l v e r  C i ty , "  r e v i s e d  i n  1962, s c a l e  1:250,000 [ 7 ] ,  
t h e  a c t u a l  AhA-, was shown t o  be 2528 f e e t .  This r e s u l t e d  i n  an e r r o r  
of 1.9 pe rcen t  between a c t u a l  and photogrammetric measurement. Table  I V  
summarizes t h e  r e s u l t s  of t h e  photogrammetric measurements made from t h e  
s te reogram composed of Apol lo  6 Photographs 1444 and 1445, shown i n  
f i g u r e  6. 
This y i e l d e d  a of 2480 f e e t .  
A h ( f t )  Determined Ah ( f t )  Determined from Percen t  
Pho togramme tr  ica 1 l y  USGS Map Er ro r  
2350 2378 1 . 1 7  
2480 2528 1 .9  
Table  I V .  Resu l t s  of Photogrammetric Measurements Made on F igu re  6 
3 .  Photographic I n t e r p r e t a t i o n s  from a Stereogram 
Prepared from Apollo 6 Photographs 1443 and 1444 
The s t e r e o g r a p h i c  p a i r ,  composed of frames 1443 and 1444, is  
shown as f i g u r e  7. The lef t -hand member of t h i s  s te reogram i s  shown 
a t  a l a r g e r  s c a l e  i n  f i g u r e  3 ,  t o  a s s i s t  t h e  r e a d e r  i n  i d e n t i f y i n g  
c e r t a i n  f e a t u r e s  d i s c u s s e d  below, i f  a s t e r e o s c o p e  is unava i l ab le .  
Th i s  s te reogram is bounded on the e a s t  by t h e  t h r e e  p l ayas  i n  t h e  
Animas Val ley,  d i scussed  i n  connection w i t h  s t e r e o  p a i r  144411445. 
The Willcox Playa  i s  v i s i b l e  a t  t h e  wes te rn  s i d e  of t h e  s te reogram.  
Res idua l  m o i s t u r e  is ev iden t  i n  t h e  e a s t e r n  h a l f  of Willcox Playa.  To 
t h e  n o r t h  of Willcox Playa, the  two l i g h t  l i n e s  t r e n d i n g  n o r t h e a s t  t o  
southwes t  a r e  t h e  f o u r - l a n e  dual highway 86 ( t h e  northernmost l i n e ) ,  
and t h e  Southern P a c i f i c  Railroad ( t h e  southernmost l i n e ) .  The r a i l r o a d  
c u t s  a c r o s s  t h e  nor thwes tern  lobe of Willcox Playa.  Both t h e  highway 
and t h e  r a i l r o a d  d ive rge  from Willcox (popu la t ion  approximate ly  2,500) ,  
a town about  f o u r  mi l e s  n o r t h  of t h e  playa.  The Chi r icahua  Mountains 
a r e  very  prominent i n  t h e  s te reogram c e n t e r ,  w i t h  t h e i r  h e a v i l y  f o r e s t e d  
s l o p e s ,  and snow-capped peaks. The Coronado Na t iona l  F o r e s t  encompasses 
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t h e  e n t i r e  a r e a  of t h e  Chi r icahua  Mountains, and t h e  extreme sou the rn  
p o r t i o n  of t h e  P e l o n c i l l o  Mountains , v i s i b l e  i n  t h e  s o u t h e a s t e r n  quadran t  
of t h e  stereogram. North of t h e  Chi r icahua  Mountains, i n  t h e  San Simon 
Va l l ey ,  some a reas  i n  c u l t i v a t i o n  can be  seen .  To t h e  e a s t  and s o u t h  of 
Willcox Playa,  i n  Sulphur Springs Val ley,  t h e  land appears t o  be q u i t e  
amenable t o  farming, as  evidenced by the  very  l a r g e  number of c u l t i v a t e d  
f i e l d s .  I n  t h e  extreme southwes t  co rne r  of t h e  s te reogram,  one can 
observe  a cloud of smoke s e v e r a l  mi l e s  long,  emanating from one of t h e  
copper s m e l t e r  chimneys t o  t h e  e a s t  of Douglas, Arizona. I n  t h e  no r th -  
e a s t  quadran t  of t h e  s te reogram,  i n  t h e  c e n t e r  of t h e  P e l o n c i l l o  Mountain 
Range, j u s t  t o  the west of the  northernmost p laya  i n  t h e  Animas Val ley,  
i s  a s t a r - shaped  s e t  of s m a l l  mountains.  To t h e  wes t ,  no r thwes t ,  and 
s o u t h e a s t  of t h i s  s t r u c t u r e ,  t h e r e  a r e  s e v e r a l  s m a l l  s t r u c t u r e s  which 
appear t o  be  e x t i n c t  volcano c r a t e r s .  
C. E a r t h  Resources Observations and Photogrammetric Measurements 
from Apollo 6 Photographs 1451 and 1452 
The l o c a t i o n s  of t h e  p r i n c i p a l  p o i n t s  of Apollo 6 photograph frames 
1451 and 1452 a r e  32'26'N l a t i t u d e ,  104'23'W l o n g i t u d e ,  and 32"29'N l a t i -  
tude,  103'44'W long i tude ,  r e s p e c t i v e l y .  The a r e a  photographed, then ,  
l i e s  i n  t h e  physiographic r e g i o n  known as t h e  "Great P l a i n s  Region," 
which inc ludes  p a r t  of west Texas, e a s t e r n  New Mexico, e a s t e r n  Colorado, 
t h e  Oklahoma panhandle, wes t e rn  Kansas , a lmost  a l l  of Nebraska, wes te rn  
North and South Dakota, no r theas  t e r n  Wyoming, and e a s t e r n  Montana. The 
Grea t  P l a i n s  Region i s  c h a r a c t e r i z e d  by broad r i v e r  p l a i n s  and low 
p l a t e a u s  on weak s t r a t i f i e d  sed imentary  rocks.  This a r e a  r i s e s  toward 
t h e  Rocky Mountains a t  some l o c a t i o n s  t o  over 6,000 f e e t .  
The s t e r e o g r a p h i c  p a i r ,  composed of frames 1451 and 1452, is  shown 
i n  f i g u r e  9. The l e f t -hand  member of t h i s  s t e r e o  p a i r  i s  shown a t  a 
l a r g e r  photographic s c a l e  on f i g u r e  10 t o  a s s i s t  i n  i d e n t i f y i n g  c e r t a i n  
geograph ica l  and topographica l  f e a t u r e s  , i f  a s t e r e o s c o p e  is  n o t  a v a i l -  
a b l e .  S t e reograph ic  coverage  i s  provided by t h i s  p a i r ,  f o r  an a r e a  
extending from about 15 mi l e s  wes t  of Lake McMillan, New Mexico, t o  a 
p o i n t  about  36 miles e a s t  of t h e  c i t y  of Ca r l sbad ,  New Mexico. The n o r t h  
and s o u t h  boundaries of t h i s  s te reogram a r e  abou t  50 m i l e s  from Carlsbad,  
New Mexico. The pa th  of t h e  Pecos River can be  s e e n  from t h e  nor thwes t  
c o r n e r  of t h e  stereogram t o  t h e  s o u t h e a s t  c o r n e r .  I n  t h e  lower p a r t  of 
t h e  nor thwes t  quadrant ,  Lake McMillan is  q u i t e  prominent a t  t h e  sou the rn  
end of a 30-mile-long a r e a  of c rops  i n  c u l t i v a t i o n  a long  t h e  wes te rn  s i d e  
of t h e  Pecos River. The marsh o r  swampy a r e a  n o r t h  of Lake McMillan con- 
t a i n s  a l a r g e  number of o i l  w e l l s ,  and some farms and ranches  a r e  l o c a t e d  
on t h e  land a d j a c e n t  t o  t h i s  marsh a r e a .  To t h e  e a s t  of t h e  marshland 
a r e a ,  t h e r e  a r e  numerous d e n d r i t i c  d r a i n a g e  p a t t e r n s  flowing toward t h e  
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Pecos River  Bed. 
a l k a l i  f l a t  o r  playa ca l led  S a l t  Lake which l i e s  5 m i l e s  east  of Loving, 
t i o n s  used when e l e v a t i o n s  w e r e  measured photogrammetr ical ly  on t h i s  
s tereogram. J u s t  below t h e  l e f t  c e n t e r  o f  t h e  s tereogram, a 700-foot 
b l u f f  overlooking t h e  Black River Val ley can be seen.  The w h i t e  wavy 
l i n e  a long  t h e  r i d g e  of th i s  b l u f f  is Route 7, l ead ing  from Whites C i t y ,  
New Mexico, on Routes 180/62, o u t  t o  t h e  Carlsbad Caverns Na t iona l  Park 
A d m i n i s t r a t i o n  Building.  
( r e f e r  t o  f i g u r e  10)  shows t h e  Guadalupe Ridge extending t o  t h e  sou th -  
w e s t  from t h e  Carlsbad Caverns a r e a .  
Guadalupe Mountains. Seve ra l  canyons, v i s i b l e  on t h e  s o u t h  s i d e  of 
Guadalupe Ridge, d r a i n  i n t o  the  Black River bed. North-northwest of 
the Carlsbad Caverns area is the Azotea Mesa where many ranches a r e  
l o c a t e d .  
from t h e  Guadalupe Mountains i s  t h e  L inco ln  Na t iona l  Fo res t .  
I n  t h e  approximate c e n t e r  of t h e  s tereogram is an  
Nnv MexFcn. T h i  d r y  l 2 k P  (e1evat ion 2,900 f e e t )  !...2S ene of the s t g -  
The l e f t -hand  member of t h i s  s t e r e o  p a i r  
North of t h i s  r i d g e  a re  t h e  
The dark,  h e a v i l y  f o r e s t e d  a r e a  t r e n d i n g  g e n e r a l l y  northward 
Photogrammetric Measurements from a S tereopram Prepared 
From Apollo 6 Photographs 1451 and 1452 
On t h e  s t e reogram p r e p a r e d  from Apollo 6 photographs 1451 and 1452 
( f i g u r e  9 )  e l e v a t i o n  d i f f e r e n c e s  were photogrammetr ical ly  measured between 
a p o i n t  h a l f  way between Whites C i t y  and t h e  Carlsbad Caverns Administra- 
t i o n  Building (Po in t  A, f i g u r e  l o ) ,  and a p o i n t  i n  t h e  n o r t h e a s t  c o r n e r  
o f  a s a l t  l a k e ,  6 m i l e s  east  of Loving ( p o i n t  B ) .  E l e v a t i o n  d i f f e r e n c e s  
were a l s o  photogrammetr ical ly  determined between P o i n t  B and a p o i n t  a t  
t h e  s o u t h  s i d e  of t h e  overpass  of Route 180 over t h e  Black River  (Po in t  C). 
For  photographs 1451 and 1452, t h e  ave rage  o r b i t a l  h e i g h t  H' w a s  694,000 
f e e t ,  and t h e  ave rage  photographic b a s e  b measured on t h e  s tereogram w a s  
33.35 mm. The ave rage  d i f f e r e n t i a l  p a r a l l a x ,  e, based upon seven  para l -  
l a x  measurements made on b o t h  point  A and p o i n t  B w a s  c a l c u l a t e d  t o  b e  
.0657 mm. S u b s t i t u t i n g  t h e s e  values  i n  t h e  equa t ion  d e s c r i b - d  i n  sec- 
t i o n  1 1 1 - A ,  y i e lded  a & I A , ~  of 1365 f e e t .  
number N I  13-11 e n t i t l e d  "Carlsbad," 1962 Revis ion,  S c a l e  1: 250,000 [ 8 ] ,  
i t  w a s  determined t h a t  t h e  a c t u a l  d i f f e r e n c e  i n  e l e v a t i o n  between these 
two p o i n t s  was 1300 f e e t .  The p e r c e n t  e r r o r  between a c t u a l  and photo- 
grammetric measurements was then c a l c u l a t e d  t o  be 4.76. 
R e f e r r i n g  t o  t h e  USGS Map 
The ave rage  d i f f e r e n t i a l  p a r a l l a x ,  0, based upon seven parallax 
measurements made  on b o t h  points  B and C w a s  c a l c u l a t e d  t o  be  @B-c = 
.0314 mm. S u b s t i t u t i n g  t h i s  value,  and t h e  va lues  f o r  H' and b p r e -  
v i o u s l y  mentioned f o r  t h e  c a s e  of p o i n t s  A and B ,  i n t o  t h e  equa t ion  used 
f o r  c a l c u l a t i n g  &I, y i e l d e d  a hC,, of 653 f e e t .  
[ 8 ]  provided a &IC,, of 600 f e e t .  
photogrammetric measurement was then c a l c u l a t e d  t o  be 8.1. Table  V sum- 
mar i zes  t h e  r e s u l t s  of t h e  photogrammetric measurements m a d e  from t h e  
s t e reogram composed of Apollo 6 Photographs 1451 and 1452 ( f i g u r e  9 ) .  
USGS Xap Number N I  13-11 
The p e r c e n t  e r r o r  between a c t u a l  and 
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Table V. Resul ts  of Photogrammetric Measurements Made on F i g u r e  9 
Two P o i n t s  nh ( f t )  Determined & ( f t )  Determined 
Cons i d e r  ed Pho togrammetr i ca l  l y  from USGS Map 
AYB 1365 1300 
C , B  653 660 
Pe rcen t  
E r ro r  
4.76 
8 .1  
D. Photogrammetric Measurements and Photographic  I n t e r p r e t a t i o n s  
from Apollo 8 Lunar O r b i t a l  Photographs 2066 and 2067 
L a t i t u d e  -7'43' 55.689" 
Longitude -169'12' 28.145" 
Apollo 8 photographs 2066 and 2067 a re  p a r t  of t h e  planned l u n a r  
photography t h a t  was s u c c e s s f u l l y  accomplished by a s t r o n a u t s  Frank 
Borman, James Love l l ,  and W i l l i a m  Anders. Apollo 8 w a s  launched from 
C a p e  Kennedy, F l o r i d a ,  on December 2 1 ,  1968, completed 10 l u n a r  r evo lu -  
t i o n s ,  and r e tu rned  t o  e a r t h  on December 2 7 ,  1968. 
- 7'56' 15.795'' 
-170O09' 36.764" 
The s tereogram c o n s t r u c t e d  from photographs 2066 and 2067 is shown 
i n  f i g u r e  11. Photograph 2066 a t  a l a r g e r  s c a l e  i s  shown as f i g u r e  1 2  
t o  h e l p  t h e  viewer who does n o t  have a s t e r e o s c o p e  a t  h i s  d i s p o s a l .  
When t h e s e  Apollo 8 l u n a r  photographs were being s t u d i e d ,  u s e  w a s  made 
of Lunar Planning Chart (LOC-4), S c a l e  1:2,500,00,  E d i t i o n  1, J u l y  1969 
[9]  , t o  h e l p  determine t h e  c o r r e c t  photograph o r i e n t a t i o n s .  
Geographical c o o r d i n a t e s  of t h e  p r i n c i p a l  p o i n t s  of t h e s e  photo- 
graphs a r e  shown i n  Table  V I .  
Tab le  V I .  Geographical Coordinates  of P r i n c i p a l  P o i n t s  
of Apollo 8 Photographs 2066 and 2067 
I I 2066 I 2067 I 
I I I I 
i 
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FIG. 12. APOLLO 8 
LUNAR ORBITAL PHOTOGRAPH 2066 
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The a l t i t u d e s  of t h e  camera s t a t i o n s  above t h e  l u n a r  s u r f a c e  f o r  
photographs 2066 and 2067 were 112,131.9 meters and 112,130.7 me te r s ,  
respectively, TL- irrpqt;r\n :,-tl.rna 
Krylov, and Doppler, and t o  t h e  a u t h o r ' s  knowledge, t h e  c r a t e r s  i n  t h e  
photograph a r e  unnamed. The oblong-shaped c r a t e r  i n  the  c e n t e r  of t h e  
s t e reogram appears  t o  be q u i t e  deep and t o  c o n t a i n  many s m a l l e r  c r a t e r s .  
The smooth (eroded) r i m  i n d i c a t e s  t h a t  t h e  c r a t e r  is r e l a t i v e l y  o ld .  
L1lL AVCUCLV.. yLbLULCU is tc! the vest nf Craters Korolev, 
Photogrammetric measurements of e l e v a t i o n  d i f f e r e n c e s  between 
v a r i o u s  p o i n t s  on t h e  s te reogram a r e  d i scussed  below. Actual p o i n t s  , 
f o r  which e l e v a t i o n  d i f f e r e n c e s  were measured, a r e  marked on t h e  
en larged  photograph ( f i g u r e  1 2 ) .  
"The exposures f o r  t h e  s t e r e o  s t r ip s  taken du r ing  t h e  Apollo 8 m i s -  
s i o n ,  were made every 20 seconds,  using an i n t e r v a l o m e t e r .  Each exposure 
o v e r l a p s  t h e  previous exposure by approximately 60 pe rcen t .  This permits  
viewing s u r f a c e  p o i n t s  from a t  l e a s t  two p o s i t i o n s  sepa ra t ed  by approxi -  
ma te ly  30 km a long  t h e  o r b i t .  
a base - to -he igh t  r a t i o  of 0.27 which is a c c e p t a b l e  f o r  s t e r e o  viewing," 
(quoted from r e f e r e n c e  10) .  
An o r b i t a l  a l t i t u d e  of x 110 km r e s u l t e d  i n  
'Photoprammetric Measurements from a Stereopram Prepared 
from Apollo 8 Photographs 2066 and 2067 
On t h e  s te reogram prepared from Apollo 8 photographs 2066 and 2067 
(F igu re  1 1 ) ,  e l e v a t i o n  d i f f e r e n c e s  were photogrammetrically measured 
between va r ious  p o i n t s .  On f i g u r e  1 2 ,  which is photograph 2066 a t  a 
l a r g e r  s c a l e ,  t h e  fo l lowing  p o i n t s ,  on which p a r a l l a x  measurements were 
made, a r e  l a b e l l e d :  P o i n t  C is a p o i n t  on t h e  west r i m  of t h e  "oblong" 
c r a t e r ;  p o i n t  D i s  on t h e  f l o o r  of a s m a l l  c r a t e r  immediately t o  t h e  
n o r t h  of p o i n t  C ;  and p o i n t  E i s  on t h e  f l o o r  of t h e  nex t  c r a t e r  n o r t h e a s t  
of p o i n t  D. 
The average  h e i g h t  of t h e  camera above the  s u r f a c e  ( H ' )  a t  t h e  
i n s t a n t  of exposure of t h e  two photographs w a s  368,000 f e e t .  The average  
photographic  b a s e  measured from the s te reogram i s  34.95 mm. 
d i f f e r e n t i a l  p a r a l l a x ,  np, based upon seven p a r a l l a x  measurements made on 
bo th  p o i n t s  C and D,  w a s  c a l c u l a t e d  t o  be  .0957 mm. S u b s t i t u t i n g  t h e s e  
va lues  i n  t h e  equa t ion  used f o r  c a l c u l a t i n g  e l e v a t i o n  d i f f e r e n c e s  y i e l d e d  
a &C-D of 1010 f e e t .  
based upon seven p a r a l l a x  measurements made on bo th  p o i n t s  D and E,  w a s  
c a l c u l a t e d  t o  be .408 mm. This r e s u l t e d  i n  an e l e v a t i o n  d i f f e r e n c e  &,,E 
of 4300 f e e t .  
The average  
S i m i l a r l y ,  t h e  ave rage  d i f f e r e n t i a l  p a r a l l a x ,  np, 
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I V .  SKYLAB EXPERIMENT S-190: " S I X  CAMERA MULTISPECTRAL PHOTOGRAPHY" 
"Skylab" i s  t h e  name g i v e n  by NASA t o  i t s  experimental  s p a c e  s ta -  
t i o n  program designed t o  i n c r e a s e  our knowledge of manned e a r t h  o r b i t a l  
o p e r a t i o n s  and t o  accomplish c a r e f u l l y  s e l e c t e d  s c i e n t i f i c ,  t e c h n o l o g i c a l  
and medical i n v e s t i g a t i o n s .  The fou r  o b j e c t i v e s  of Skylab a r e  (1) s c i -  
e n t i f i c  i n v e s t i g a t i o n s  i n  e a r t h  o r b i t ;  (2 )  a p p l i c a t i o n s  i n  e a r t h  o r b i t ;  
(3 )  long-durat ion space  f l i g h t s  of men and systems;  and ( 4 )  e f f e c t i v e  
and economical development of f u t u r e  s p a c e  programs. 
A p p l i c a t i o n  experiments ( o b j e c t i v e  number two) i n c l u d e  development 
and e v a l u a t i o n  o f  e f f i c i e n t  techniques using man f o r  s e n s o r  o p e r a t i o n ,  
d i s c r i m i n a t i o n ,  da t a  s e l e c t i o n  and e v a l u a t i o n ,  manned c o n t r o l ,  mainte-  
nance and r e p a i r ,  assembly and s e t u p ,  and m o b i l i t y  involved i n  v a r i o u s  
o p e r a t i o n s .  These experiments i n c l u d e  s t u d i e s  i n  meteorology,  e a r t h  
r e s o u r c e s ,  and communications. 
Skylab Experiment S-190, e n t i t l e d  "Six Camera M u l t i s p e c t r a l  Photo- 
graphy" i s  one of t h e  e a r t h  r e sources  experiments .  The o b j e c t i v e  of 
t h i s  M u l t i s p e c t r a l  Photographic F a c i l i t y  is  t o  o b t a i n  p r e c i s i o n  m u l t i -  
s p e c t r a l  photography'which w i l l  p rov ide  t h e  b a s i s  f o r  a w i d e  range of 
u se r -o r i en ted  s t u d i e s  , and the reby  provide a n  o p p o r t u n i t y  t o  de t e rmine  
t h e  e x t e n t  t o  which precis ion  and r e p e t i t i v e  m u l t i s p e c t r a l  photography 
from s p a c e  can be e f f e c t i v e l y  a p p l i e d  t o  t h e  e a r t h  r e s o u r c e s  d i s c i p l i n e s  
[ I l l .  
S ince  the  beginning of P r o j e c t  Mercury, photographic  systems used 
i n  t h e  manned space f l i g h t  program f o r  e a r t h  photography have evolved 
from s i m p l e  hand-held cameras w i t h o u t  f i l t e r s  through v a r i o u s  i n t e r -  
mediate  s t eps  t o  t h e  s u c c e s s f u l  performance of Experiment SO 65 on 
Apollo 9 .  Experiment SO 65, which c o n s i s t e d  of f o u r  bracket-mounted 
e l e c t r i c  Hasselblad cameras w i t h  f o u r  d i f f e r e n t  f i l m l f i l t e r  combina- 
t i o n s ,  provided the f i r s t  o p p o r t u n i t y  t o  s t u d y  s imultaneous m u l t i -  
spec t ra l  photography from space. 
Skylab Experiment S-190, which w i l l  extend t h e  c a p a b i l i t y  f o r  m u l t i -  
s p e c t r a l  photographic s t u d y  i n  s p a c e  beyond t h a t  of SO 65, w i l l  c o n s i s t  
of s i x  70 mm reconnaissance cameras,  which w i l l  p rov ide  a 100-foot  
r e s o l u t i o n  and w i l l  permit  precise r e g i s t r a t i o n  ove r  t h e  e n t i r e  70 mm 
format;  whereas,  SO 65 provided a 300-foot  r e s o l u t i o n  and r e g i s t r a t i o n  
on on ly  s m a l l  po r t ions  of t h e  format ,  t he reby  l o s i n g  t h e  s y n o p t i c  view 
t h a t  i s  s o  h i g h l y  valued i n  s p a c e  photography. 
The s i x  h i g h - p r e c i s i o n  70 mm cameras w i l l  have matched d i s t o r t i o n  
and f o c a l  l eng ths .  The s i x - i n c h  f o c a l  l e n g t h  l e n s e s  w i l l  p rov ide  a n  
approximately 80 n.m. s q u a r e  s u r f a c e  coverage from t h e  expected 235 n.m. 
o r b i t .  The system w i l l  be  designed f o r  t h e  fo l lowing  wave leng th l f i lm  
combinations : 
40 
500 - 600 mil l imic rons :  Panchromatic x - Black and White 
600 - 700 mil l imic rons :  Panchromatic x - Black and White 
700 - 800 mi l l imic rons :  I n f r a r e d  - Black and White 
800 - 900 mi l l imic rons :  I n f r a r e d  - Black and White 
500 - 880 mi l l imic rons :  I n f r a r e d  - Color 
400 - 700 mi l l imic rons :  High Reso lu t ion  Color.  
The spec t ra l  r eg ions  designated were s e l e c t e d  t o  s e p a r a t e  t h e  
v i s i b l e  and photographic i n f r a r e d  s p e c t r u m  i n t o  t h e  bands t h a t  a r e  
expected t o  be most u s e f u l  f o r  m u l t i s p e c t r a l  a n a l y s i s .  The s e l e c t i o n  
w a s  based on expe r i ence  gained i n  t h e  NASA E a r t h  Resources A i r c r a f t  
Program, t h e  performance o f  experiment SO 65, and o t h e r  m u l t i s p e c t r a l  
photographic  s t u d i e s  . 
F i g u r e  13 shows t h e  gene ra l  l o c a t i o n  of experiment S-190 i n  the 
M u l t i p l e  Docking Adaptor (MDA) of Skylab, and t h e  o r i e n t a t i o n  of Skylab 
when experiment S-190 is  being conducted. 
V. ANALYSIS OF GROUND OBSERVABLE BY SKYLAB CAMERA 
THROUGH CUMULUS CLOUD COVERAGE 
A b r i e f  g r a p h i c a l  a n a l y s i s  was conducted t o  show t h e  pe rcen tage  of 
ground obse rvab le  through varying percentages of cumulus cloud coverage,  
by t h e  camera which i s  t o  b e  used i n  the Skylab. 
e l e v a t i o n ,  w i t h  r e s u l t a n t  cloud shadows, w a s  a l s o  cons ide red .  Twenty- 
and t h i r t y - d e g r e e  sun  e l e v a t i o n  a n g l e s  ( ang le  from h o r i z o n t a l  t o  t h e  
s u n ' s  r a y s )  were cons ide red  s i n c e  t h e s e  ang le s  a r e  s p e c i f i e d  as t h e  
minimum sun e l e v a t i o n  a n g l e s  f o r  photography i n  t h e  w i n t e r  and summer 
hemispheres,  r e s p e c t i v e l y  (page 18, r e f e r e n c e  1 1 ) .  
The e f f e c t  of t h e  s u n ' s  
The g r a p h i c a l  a n a l y s i s  t o  t h i s  s t u d y ,  as shown i n  F i g u r e  14, w a s  
conducted by l a y i n g  o u t  t h e  camera s t a t i o n  a l t i t u d e  of 235 n a u t i c a l  
miles and t h e  camera view ang le  of 20 degrees  [ 1 2 ] .  A pe rpend icu la r  t o  
t h e  ground was  then drawn, s ince  t h e  Skylab photography of t h e  e a r t h  is 
planned f o r  t h e  v e r t i c a l  mode. The 20-degree camera view a n g l e  enclosed 
a h o r i z o n t a l  p r o j e c t i o n  or ground s t r i p  of 83  n a u t i c a l  m i l e s  ( s e e  f i g -  
u r e  14 ) .  An 80-nau t i ca l -mi l e  s q u a r e  s u r f a c e  coverage is planned f o r  t h e  
Skylab camera S-190 Multi-Band Photography Experiment [ l l ] .  Representa-  
t i o n s  of assumed cloud coverages were then c o n s t r u c t e d  on t h e  drawing, 
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and t angen t  t o  t h e  s i d e s  of  each cloud.  I n t e r s e c t i o n s  of the  t angen t s  
w i t h  t h e  ground datum were cons t ruc t ed .  The s u m  of t h e  p i eces  of t h e  
u eround s t r i p  which could then be observed by t h e  camera ( i .  e. , t hose  
which were n o t  covered by clouds)  w a s  no ted ,  and t h i s  v a l u e  d iv ided  by 
t h e  t o t a l  s t r i p  l e n g t h  w a s  considered t o  be  t h e  percentage  of ground 
obse rvab le  a t  z e n i t h  (sun e l e v a t i o n  9 0 " ) .  
For t h e  c a s e  of determining t h e  ground obse rvab le  a t  sun e l e v a t i o n s  
o t h e r  than z e n i t h ,  sun r ays  were drawn ( f i g u r e  14)  a t  the a p p r o p r i a t e  
a n g l e  t o  t h e  ground, and tangent t o  t h e  cloud r e p r e s e n t a t i o n s .  I n t e r -  
s e c t i o n s  of t h e s e  rays w i t h  t h e  ground d a t u m  were noted,  and measurements 
were made of t h e  s t r i p  which was observed i n  t h e  "zeni th"  c a s e  minus t h e  
l o s s  due t o  t h e  shadow formed by t h e  sun  a t  t h e  assumed e l e v a t i o n .  The 
sum of t h e s e  d i f f e r e n c e  elements w a s  d iv ided  by t h e  t o t a l  s t r i p  l e n g t h  
t o  o b t a i n  t h e  percentage  of ground obse rvab le ,  t ak ing  i n t o  account  t h e  
shadows d u e  t o  t h e  sun. Figures  15 and 16 summarize t h e  r e s u l t s  of t h i s  
a n a l y s i s  '(1) by showing t h e  percentage  of ground obse rvab le  ve r sus  sun 
a n g l e  or  e l e v a t i o n ,  assuming a 32.5 pe rcen t  cumulus cloud cove r ,  and .(2)' 
by showing t h e  percentage  of ground obse rvab le  ve r sus  t h e  percentage  of 
cumulus cloud cove r ,  assuming a 20-degree sun e l e v a t i o n .  
V I .  SEVERAL RECENT PHOTOGRAMMETRIC APPLICATIONS BY 
UNIVERSITIES, COMPANIES, AND OTHER GOVERNMENT AGENCIES 
A s  mentioned i n  s e c t i o n  I1 of t h i s  r e p o r t ,  t h e  a p p l i c a t i o n s  of 
photogrammetric techniques  t o  a c t i v i t i e s  a s s o c i a t e d  w i t h  e a r t h  r es ources  
and e a r t h  problems a r e  many and v a r i e d .  Included i n  t h i s  s e c t i o n  a r e  
b r i e f  d e s c r i p t i o n s  of f o u r  i n t e r e s , t i n g  r e c e n t  a p p l i c a t i o n s  of photo- 
g r a m e t r y  t o  v a r i o u s  problems , namely, t h e  mapping of e a r t h ' s  t e r r a i n ,  
t h e  mapping of p o l l u t e d  a i r  masses , t h e  de t e rmina t ion  of thermal pol'lu- 
t i o n  i n  bodies of water, and the g a t h e r i n g  of g e o s c i e n t i f i c  da ta  i n  
areas no to r ious  f o r  p e r s i s t e n t  cloud coverage ,  by us ing  s ide - look ing  
a i r b o r n e  radar. 
A .  S i d e  Looking Airborne Radar (SLAR) as a Geophysical Tool 
S ide- looking  a i r b o r n e  r ada r  (SLAR) is  a v e r s a t i l e  remote-sensing 
t o o l ,  i n  t h a t  it can  be used during t h e  day o r  n i g h t ,  under many weather  
c o n d i t i o n s .  It provides  l a r g e  a r e a  coverage and h igh  d a t a  a c q u i s i t i o n  
r a t e s .  The d i sadvan tages  of S U R  compared t o  conven t iona l  ae r ia l  photo- 
graphy a r e  (1) poorer  image r e s o l u t i o n ,  ( 2 )  s u s c e p t i b i l i t y  t o  e l e c t r o n i c  
n o i s e ,  and (3) complexity of equipment. F igu re  1 7  shows a radar mosaic 
of Darien Province  i n  Panama and pa r t s  of nor thwes t  Colombia i n  South 
America, a t  a n  approximate s c a l e  of 1:250,000. This a r e a  is  p e r p e t u a l l y  
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cloud-bound. Under a U. S. Army Corps of Engineers c o n t r a c t ,  t h e  
Wes t inghouse  ANIAPQ-97 s ide - look ing  a i r b o r n e  r a d a r  w a s  used t o  a c q u i r e  
imagery of approximately 6600 square iiiiles. This cc-qerage &+_=i_ned 
w i t h i n  fou r  hours of f l y i n g  t i m e .  
Opera t ion ,  who provided t h e  photograph shown i n  f i g u r e  17, w a s  a s s igned  
t h e  t a s k  of p repa r ing  t h i s  s emi -con t ro l l ed  mosaic. A s e r i e s  of geo- 
s c i e n c e  o v e r l a y s ,  such  as s u r f a c e  d r a i n a g e ,  s u r f a c e  c o n f i g u r a t i o n ,  
v e g e t a t i o n ,  and engineer ing  geology, which were subsequen t ly  prepared 
by t h a t  company, is i n d i c a t i v e  of t h e  types of g e o s c i e n t i f i c  informa- 
t i o n  o b t a i n a b l e  from S U R  imagery [13] .  S U R  su rveys  may now be con- 
s i d e r e d  as supplemental  geophys ica l  t o o l s  i n  s u p p o r t  of f u e l  and mine ra l  
e x p l o r a t i o n .  
The Raytheon Company, Autometric 
B. Thermal P o l l u t i o n  Revealed by I n f r a r e d  Rad ia t ion  
The image shown i n  F i g u r e  18 i l l u s t r a t e s  t h e  resu l t s  of a method 
Using by which thermal  p o l l u t i o n  i n  a body of water can  b e  r evea led .  
i n f r a r e d  l i ne - scann ing  techniques,  t h e  emit ted r a d i a t i o n  from t h e  
t e r r a i n  w a s  rece ived  by a d e t e c t o r  i n  an a i r c r a f t  a t  1500 f e e t  a l t i -  
t u d e ,  t r a v e l i n g  a t  a ground speed of 150 mi l e s  per hour.  The l o c a t i o n  
shown i s  East Haddam 'Neck, Connect icut ,  on t h e  Connect icu t  R ive r ,  
approximate ly  30 miles  below Hartford.  The o b j e c t  of t h e  imagery w a s  
t o  r e v e a l  t h e  thermal d i s c h a r g e  from t h e  nuclear-power g e n e r a t i o n  s ta- 
t i o n  ( n o r t h  end of t h e  r i v e r ,  on t h e  e a s t  bank) ,  and t o  show how i t  
sp reads  i n t o  and over the  s u r f a c e  of t h e  Connect icu t  R ive r ,  as w e l l  as 
t o  show how it thermal ly  p o l l u t e s  the  flow of t h e  s m a l l e r  r i v e r  which 
f eeds  i n t o  the  Connect icu t  River f u r t h e r  s o u t h  of t h e  nuc lea r  power 
g e n e r a t i o n  s t a t i o n .  I n  t h i s  imagery, t h e  the rma l ly  enhanced o b j e c t s  
c a n  be  more r e a d i l y  seen ,  s i n c e  they  a r e  b e t t e r  emitters, i n  r e l a t i o n  
to  t h e  d e t e c t o r  used, f o r  r ece iv ing  t h e  i n f r a r e d  s i g n a l s .  I n f r a r e d  
r a d i a t i o n  s i g n a l s  r ece ived  by the d e t e c t o r  and s t o r e d  by one of va r ious  
methods were then  converted t o  l i g h t  s i g n a l s ,  which were pu t  on photo- 
g r a p h i c  f i l m  i n  such  a manner as t o  r e s u l t  i n  t h e  imagery shown. The 
d e t e c t o r  used t o  r e c e i v e  t h e  i n f r a r e d  s i g n a l s  was  designed t o  r e c e i v e  
emiss ions  whose wavelengths were between 3.7 and 5.5 microns. 
imagery w a s  fu rn i shed  by t h e  Aerospace Systems Div i s ion  of Bendix 





FIG. 1 8 .  
T H E R M A L  POLLUTION 
IN T H E  
CONNECTICUT RIVER 
REVEALED B Y  
INFRARED RADIATION 
C. Automatic S t e r e o p l o t t i n g  f o r  Mapping 
and Measuring Po l lu t ed  A i r  Masses 
D r .  S. A. Veress, A s s o c i a t e  P r o f e s s o r  of C i v i l  Engineering a t  t h e  
U n i v e r s i t y  of Washington, presented a paper  a t  t h e  March 1970 Annual 
Meeting of t h e  American Soc ie ty  of Photogrammetry e n t i t l e d  "Determina- 
t i o n  of Concen t r a t ion  of P o l l u t e d  A i r  by Photogrammetry." D r .  Veress ,  
and h i s  a s s o c i a t e s  a t  t h e  Un ive r s i ty  of Washington who helped him i n  t h e  
conduct of t h i s  s t u d y ,  were supported by t h e  Nat iona l  Center f o r  A i r  
P o l l u t i o n  Con t ro l ,  Bureau of Disease P reven t ion  and Environmental Con- 
t r o l ,  under Pub l i c  Heal th  Se rv ice  Cop t rac t  AP-00661-01. 
Upon completion of a l l  t h e  work r e q u i r e d  by t h i s  c o n t r a c t ,  
D r .  Veress, as p r i n c i p a l  i n v e s t i g a t o r ,  publ i shed  t h e  f i n a l  t e c h n i c a l  
r e p o r t ,  e n t i t l e d  "Study of t h e  Three-Dimensional Extens ion  of P o l l u t e d  
A i r , "  [14] .  The o b j e c t i v e  of the r e s e a r c h  p r o j e c t  was t o  i n v e s t i g a t e  
t h e  p o s s i b i l i t y  of de te rmining  the p h o t o g r m e t r i c  r eco rd ing  of t h e  
ver t ica l  and h o r i z o n t a l  ex tens ion  of  p o l l u t e d  a i r  w i t h i n  r easonab le  
l i m i t s  of accuracy .  Some of  t h e  conc lus ions  of photogrammetric i n t e r e s t  
r e p o r t e d  by D r .  Veress,  a t  t h e  completion of h i s  s t u d y ,  a r e  as fol lows:  
"The dimensions,  h o r i z o n t a l  and v e r t i c a l ,  of t h e  p o l l u t e d  a i r  mass, c a n  
be  e s t a b l i s h e d  from a e r i a l  photographs, w i t h  s a t i s f a c t o r y  accuracy .  
Using v e r t i c a l  photographs,  the  h o r i z o n t a l  accuracy  is  +lo-20 f e e t  a t  
t h e  s o u r c e  of i n d u s t r i a l  p o l l u t i o n ,  dec reas ing  t o  k20-50 f e e t  where t h e  
c o n c e n t r a t i o n  of p o l l u t i o n  becomes d i l u t e d  t o  abou t  500 ~ l g m - ~ .  Using 
v e r t i c a l  photographs,  t h e  accuracy of e l e v a t i o n  i s  about  +8-19 f e e t  a t  
t h e  sou rce ,  and dec reases  t o  k100-150 f e e t  a t  about  2 t o  2 1 / 2  m i l e s  
from t h e  sou rce ,  where t h e  mass c o n c e n t r a t i o n  is  abou t  500 ~ g m ' ~ .  
o b l i q u e  photographs t o  de te rmine  t h e  e l e v a t i o n  of the  lower and upper 
s u r f a c e s  of t h e  plume cone, accu rac i e s  of t h e s e  e l e v a t i o n s  were found 
t o  b e  about  420 f e e t  up t o  6 miles  from t h e  s o u r c e  where t h e  concen t r a -  
t i o n  is  approximate ly  150-200 pgm'3" (quoted i n  p a r t  from page 46, r e f e r -  
ence 14). 
Using 
Based upon t h e s e  f i n d i n g s ,  D r .  Veress concluded t h a t  " t h e  mapping of 
i n d u s t r i a l  p o l l u t i o n  using a combination of v e r t i c a l  and o b l i q u e  photo- 
graphs  is p o s s i b l e ,  and that t h e  dimensional monftoring of p o l l u t e d  a i r  
masses over  an  i n d u s t r i a l  a r e a  is f e a s i b l e  by photogranmetry." 
F igu re  19 is a s te reogram prepared from ver t ica l  photographs of 
P o r t  Townsend, Washington which were taken  from an a i r c r a f t  f l y i n g  a t  
15,000 f e e t  a l t i t u d e .  An i n d u s t r i a l  p l a n t  w i t h  a smokestack d i scha rg -  
i ng  smoke i n t o  t h e  a i r  i s  v i s i b l e .  It was from a p a i r  of v e r t i c a l  
photographs similar t o  those  shown i n  f i g u r e  19 t h a t  a topographic  map 
( s e e  f i g u r e  20) of t h e  smoke cloud, i n  t h e  P o r t  Townsend area, was made 
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D. "Space Age" Road Map Which Resulted from Gemini V Mission* 
An unusual by-product of space  photography (a road map of Tucson, 
Arizona, and v i c i n i t y )  has been r e l e a s e d  by t h e  U. S. Geo log ica l  Survey, 
Department of the  I n t e r i o r .  This "space-age" road map, shown i n  f i g u r e  2 1 ,  
w a s  prepared from photographs taken  by As t ronau t s  Gordan Cooper and Charles  
Conrad, J r . ,  from an a l t i t u d e  of approximate ly  100 m i l e s ,  du r ing  t h e  
Gemini V mi s s ion  flown dur ing  August 1965. 
by c a r t o g r a p h e r s  of the  U. S. Geological Survey i n  c o o p e r a t i o n  w i t h  t h e  
Na t iona l  Aeronautics and Space Admin i s t r a t ion .  To remove t i l t  d i s t o r t i o n s ,  
t h e  photograph was r e c t i f i e d  by t h e  Autometric Opera t ions  of Raytheon 
Corpora t ion .  This photograph, each s i d e  of which r e p r e s e n t s  75 mi l e s  , 
covers  about  5500 squa re  mi l e s .  Conventional mapping photography taken 
a t  30,000 f e e t  would r e q u i r e  over 75 p i c t u r e s  t o  cover t h e  same a r e a .  
The photomap w a s  compiled 
This p r a c t i c a l  a p p l i c a t i o n  of space  photography provides  a t r a v e l e r  
w i t h  in fo rma t ion  about t h e  Tucson a r e a  t h a t  a conven t iona l  road map o r  
even a s t anda rd  topographic map cannot provide.  This map n o t  on ly  shows 
b a s i c  road informat ion  b u t  a l s o  t r u e  land imagery. Among t h e  f e a t u r e s  
which can be discerned a r e  t h e  urban a r e a ,  c u l t i v a t e d  a r e a s ,  mountain 
ranges , v a l l e y s ,  and l a r g e  l a n d - c l e a r i n g  o p e r a t i o n s ,  as w e l l  as l i n e a r  
f e a t u r e s  such as r i v e r s  a n d  main highways. Perhaps when s p a c e  imagery 
of t h i s  t ype  becomes r e a d i l y  a v a i l a b l e ,  space-age  road maps can  be made 
of t h e  e n t i r e  United S t a t e s ,  thereby  adding t o  the  enjoyment of t h e  
t r a v e l i n g  American pub1 i c  . 
V I I .  SUMMARY REMARKS 
The s c i e n t i f i c  and engineer ing  communities w i l l  use  methods and 
techniques  provided by t h e  t o o l s  of photogrammetry t o  a g r e a t e r  e x t e n t  
i n  t h e  f u t u r e  than they' have i n  t h e  p a s t .  E f f i c i e n t  e x p l o i t a t i o n  of 
t h e  e a r t h ' s  remaining n a t u r a l  r e sources  w i l l  be a i d e d  by photogrammetric 
measurements and ana lyses  of t h e  land,  s e a ,  and a i r  c o n t a i n i n g  those  
r e s o u r c e s .  I n  l i k e  manner, man, i n  h i s  s e a r c h  f o r  ways and means of 
unders tanding  and provid ing  s o l u t i o n s  f o r  t h e  r e a l  environmental  problems 
t h a t  surround him today ( i n  t h e  a r e a s  of water  and a i r  p o l l u t i o n ,  f o r  
example), w i l l  need t o  depend h e a v i l y  on t h e  a n a l y t i c a l  and measurement 
techniques  which can be provided him by photogrammetr i s t s .  
* 
Excerpted i n  p a r t  from Department of t h e  I n t e r i o r  News Release  da ted  






A v a s t  and r e l a t i v e l y  untapped s t o r e  of u s e f u l  i n fo rma t ion  f o r  
s tudy ing  e a r t h  r e sources  and problems awaits t h e  s c i e n t i s t  and eng inee r ,  
i n  t h e  form of photographic imagery of t h e  e a r t h ,  which w a s  ob ta ined  
du r ing  va r ious  f l i g h t s  of t h e  Gemini and Apol lo  programs. F u r t h e r  
v a l u a b l e  photographic in fo rma t ion ,  h e l p f u l  t o  man i n  s tudy ing  h i s  a v a i l -  
a b l e  r e s o u r c e s  and h i s  environmental  problems , w i l l  be secured  du r ing  
t h e  M u l t i s p e c t r a l  Photography experiment of NASA's Skylab i n  t h e  near  
f u t u r e ,  as w e l l  as i n  t h e  Ea r th  Resources Technology S a t e l l i t e  program 
i n  which NASA i s  developing exper imenta l  s a t e l l i t e s  t o  p rov ide  da ta  of 
a type  reques ted  by t h e  Department of t h e  I n t e r i o r .  
R e l a t i v e l y  inexpens ive  photogrammetric measuring in s t rumen t s  , 
t o g e t h e r  w i t h  the a p p l i c a t i o n  of geometric p r i n c i p l e s ,  can be  q u i t e  
u s e f u l  i n  performing photogrammetric ana lyses  and photographic  i n t e r p r e -  
t a t i o n s  where a r easonab le  deg ree  of accuracy  is r e q u i r e d .  For h igh  
o r d e r ,  p r e c i s i o n  a n a l y t i c a l  requi rements  , much more e x o t i c  equipment, 
such  as automated s t e r e o p l o t t e r s  coupled w i t h  d i g i t a l  computers , is  
r e q u i r e d  . 
R e s u l t s  of a g r a p h i c a l  a n a l y s i s  i n d i c a t e  t h a t ,  i f .  one assumes a 
32.5 p e r c e n t  cumulus cloud coverage  and a 30-degree sun  e l e v a t i o n  a n g l e ,  
l e s s  than h a l f  of t h e  ground w i l l  be v i s i b l e  t o  t h e  Skylab cameras, 
w i t h i n  t h e  camera's f i e l d  of view, assuming t h a t  v e r t i c a l  photography 
is  u s e d .  
Engineering f i rms  which s p e c i a l i z e  i n  p rov id ing  photogrammetric 
s e r v i c e s ,  w e l l  q u a l i f i e d  u n i v e r s i t i e s  and t h e i r  s t a f f s ,  and experienced 
government agencies  a r e  a v a i l a b l e  today t o  unde r t ake  jobs  r e l a t i n g  t o  
photogrammetric ana lyses  p e r t i n e n t  t o  our i n t e l l i g e n t  use of e a r t h  
r e sources  and t o  d i scove r  ways of s o l v i n g  our environmental  problems by 
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Larsen,  Paul  A.,  I 1  Some Photographic Kesu i t s  of t h e  Apoiio 11 X i s a l o n , "  
NASA, Marsha l l  Space F l i g h t  Center,  NASA.TM X-64501, February 27, 
1970. 
Army Map S e r v i c e  Map of Cache, Oklahoma, Shee t  6253 11, S c a l e  
1: 50,000, Orthophotoscopic Mosaic and Contours prepared by 
USAEGIMRADA, Ft .  Be lvo i r ,  V i r g i n i a ,  June  1965; Pictomap p r e p a r e d  
by Army Map S e r v i c e ,  Corps of Engineers ,  U. S. Army, Washington, D. C. 
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